A new antibacterial polyketide (-) palitantin was isolated from Aspergillus fumigatiaffnis, an endophytic fungi from a medicinal plant Tribulus terestris. The structure of the antibacterial metabolite was established using 1D and 2D NMR together with mass spectroscopy. (-) Palitantin was found to inhibit the growth of Enterococcus faecalis UW 2689 and Streptococcus pneumoniae with MIC value of 64µg/mL. As part of our continuous research program on the discovery of bioactive metabolites from fungal endophytes, we re-investigated an endophytic fungi Aspergillus fumigatiafinis associated with medicinal plants Tribulus terestris. During the course of this study, the antibacterial metabolite (1) was isolated from the active extract of A. fumigatiaffinis against multi drug resistant bacteria.
Fungi have been known to produce promising and valuable bioactive compounds against cancer [1-2a] , infectious diseases [2b] , and atherosclerosis among others [3a-3b] . Contemporary research findings have shown that endophytic fungi are potential sources of antibacterial agents [2b, 3b] . Several polyketide metabolites from natural products such as vancomycin [3d] , altersolanol and alterporiols [4] , talaromanin and flavomannin metabolites [5] , neosartorin [6] , flavomannin dimethyl ether [7a] , and lateropyrone [7b] were well-known for inhibiting the growth of multi-resistant including MRSA.
As part of our continuous research program on the discovery of bioactive metabolites from fungal endophytes, we re-investigated an endophytic fungi Aspergillus fumigatiafinis associated with medicinal plants Tribulus terestris. During the course of this study, the antibacterial metabolite (1) was isolated from the active extract of A. fumigatiaffinis against multi drug resistant bacteria.
Compound (1) was obtained in form of a colorless powder (2 mg) from the EtOAc extract of Aspergillus fumigatiaffinis grown on solid rice media. The molecular ion peak was observed at m/z 255 [M+H] + (base peak) from positive ESI-MS analysis. In COSY spectrum, a correlation between methyl signal at δ0.91 (H 3 -14) and methylene signals at δ1.41 (H 2 -13) was observed. These methylene signals (H 2 -13) were then correlated with another at δ2.06 (H 2 -12) which in turn revealed another correlation with the olefinic proton at δ5.63 (H-11). The olefinic proton H-11 was then coupled with another olefinic signal at δ6.02 (H-10) which then exhibited a correlation with olefinic signal at δ6.07 (H-9). A correlation between H-9 and H-8 (δ5.48) was conducted to finalize the identification of the first spin system C8 ___ C14. Another spin system was identified from the correlation of downfield methylene signals at δ3.71 (H 2 -1) with methine signal at δ2.41 (H-2). H-2 was then coupled with methine signal at δ2.70 (H-7) which in turn displayed a correlation with methylene signals at δ1.97 (H 2 -6), and also with the olefinic signal at δ5.48 (H-8) . Methylene signals at δ1.97 (H 2 -6) then exhibited a correlation with methine signal at δ4.30 (H-5) which in turn revealed the correlation with methine signal at δ4.28 (H-4) and let the identification of the second spin system C1 ___ C2 ___ C7 ___ C4. . The correlation between the methine signal at δ2.70 (H-7) and that of the olefinic at δ 5.48 (H-8) established the connection between the first (side chain) and second spin system and thus confirmed the location of carbon resonating at δ132.5 at C-8 based on the HMQC data which was reversed from the previous report [8] . The HMBC correlation from H-4 and H-5 to carbon resonating at δ209.5 (C-3) and also from H-4 to C-2 established the presence of 4,5-dihydroxy-2-hydroxymethylcyclohexanone. This is also supported by HMBC correlation from H-1 to C-3 (δ209.5). The MS, UV, and 13 C NMR spectra of compound (1) were in accordance with those reported for palitantin ( Figure 1a ) [8,9a-9d] . This study provides the first isolation of (-) palitantin (1) as a natural product, as well as the first isolation from the genus Aspergillus.
Compound 1 succeeded in inhibiting the growth of multi-resistant clinical isolate of Enterococcus faecalis and Streptococcus pneumoniae with a MIC value of 64 µg/mL.
Experimental
General: NMR, Bruker ARX 500 NMR spectrometer; MS, LCMS HP1100 Agilent Finnigan LCQ Deca XP Thermoquest; Optical rotation, Perkin-Elmer-241 MC polarimeter; Analysis of HPLC with detection at 235 and 254nm was conducted using a Dionex P580 system coupled to a PDA detector. TLC was performed on silica gel plates (silica gel 60 F-254). The solvent system used for the monitoring of fractions was the mixture of EtOAc/MeOH/H 2 O (30:5:4) and CH 2 Cl 2 /MeOH (9:1), and the detection was monitored at 254 and 366nm. Malt agar medium containing chloramphenicol was utilized for the cultivation of endophytic fungi.
Fungi Isolation and Cultivation:
The procedure for isolation and cultivation of endophytic fungi complied with the protocol from Ola et al [6,7a-7b] . Briefly: The fresh and healthy leaves were washed twice using distilled water which had been sterilized and then put into 70% ethanol for 2 min (twice). Afterwards, they were again washed twice using sterilized distilled water. The leaves were then cut into small sizes (1x1 cm) in sterile conditions. The small portions were then put on a Petri dish containing MEA (malt extract agar) and added with chloramphenicol to hinder bacterial growth. The growing hyphae from the small portions of leaves were then transferred to the fresh Petri dish plates containing the same medium. The fungi were cultured in 10 Erlenmeyer flasks (1L) containing 100 g of rice together with 120 mL of distilled water. After the Erlenmeyer flasks were autoclaved, five small pieces of the fungi from a Petri dish were transferred into the sterilized Erlenmeyer flasks having rice solid media, which was then incubated for 28 days at room temperature (22°C). To stop the growth, 300 mL of ethyl acetate was added. The cultures were then shaken for eight hours at 140 rpm and kept for a night. The following day, the cultures were filtered with the use of a Büchner funnel. And finally, the solvent was dried using Buchi rotavapor.
Extraction and Isolation:
The ethyl acetate crude extract of the fungi was subjected to fractionation with vacuum liquid chromatography (VLC) using n-hexane/EtOAc and CH 2 Cl 2 /MeOH. The fraction eluted with EtOAc (fraction no.6) was continued with further purification with semi preparative HPLC using the mobile phase MeOH/H 2 O to yield 1 (3 mg). 
Determination of Antibacterial Activity:
The broth microdilution method was employed to ascertain determine the MIC values according to CLSI guidelines (CLSI) that had been described earlier on [4,7a] . The direct colony suspension was utilized in the preparation of the inoculum. The strain panel consisted of: S. aureus ATCC 29213, Streptococcus pneumoniae ATCC 49619, E. coli ATCC 25922, (multi) drug-resistant S. aureus 25697 and Enterococcus faecalis UW 2689.
